An inhibitory effect of sucrose laurate ester (SLE) on the degreening of Nagato-yuzukichi (Citrus nagato-yuzukichi hort. ex Y. Tanaka) fruit was determined. SLE treatment suppressed the degreening of the fruit during 5 storage at 20 more efficiently than the treatment with any other sucrose fatty acid ester, such as myristate, palmitate or stearate. SLE, itself did not have an inhibitory effect on the chlorophyllase and chlorophyll (Chl)-degrading peroxidase activities, but laurate, which was de-esterified from SLE, had a significant effect. Laurate inhibited both enzyme activities more effectively 10 than any other fatty acid, such as caprylate, caprate, myristate, palmitate or stearate. The fruit flavedo extract had an activity to decompose SLE to laurate and sucrose, and treatment of the fruit with laurate significantly suppressed degreening during storage at 20 as well. These results indicate that the suppression of degreening in SLE-treated Nagato-yuzukichi fruit could be in 15 part due to the formation of laurate from SLE by esterase, such as a lipase, which is present in the flavedo, and the formed laurate might be involved effectively in the inhibition of Chl-degrading enzyme activities. Moreover, the suppression of degreening by SLE treatment could be owing to the inhibition of degreening by laurate in addition to the coating effect of SLE. 
Introduction
Nagato-yuzukichi (Citrus nagato-yuzukichi hort. ex Y. Tanaka) fruit, which belong to the Yuzu (Citrus junos) group, are harvested in late summer in Yamaguchi Prefecture, Japan, when the rind is still green. The quality 5 characteristics are a highly flavored, acidic citrus fruit. For the maintenance of postharvest quality, it is necessary to retain the green peel as long as possible.
Coating treatment is known to maintain the quality of stored horticultural crops by suppressing water loss, improving in strength of peel tissue and retaining volatile components, and control the ripening by modifying CO2 and 10 O2 concentrations inside the fruit (Baldwin, 1994 (Baldwin, , 2003 . Waxes such as carnauba and paraffin, oils, gums, polysaccharides and the rest have been used as a coating reagent. Sucrose fatty acid esters are also used as edible coating reagents for keeping quality in horticultural produce and effectively delay the degreening of Kabosu (Citrus sphaerocarpa) and banana fruits. Murata (1989) 15 demonstrated that the treatment of sugar fatty acid esters delayed the degreening of the flavedo tissue in green Kabosu fruit. Momen et al. (1997) found that treatment with sucrose laurate ester (SLE), sucrose palmitate ester and sucrose stearate ester delayed the degreening of ethylene-treated banana fruit. We also reported in a previous paper (Yamauchi et al., 2003) For the enzyme assay, an acetone powder (300 mg) was suspended in 8 ml of a 5 mM phosphate buffer (pH 7.0) containing 1% CHAPS for chlorophyllase activity or without it for peroxidase activity. The suspension was stirred for 1 hour at 0 and then filtered through Miracloth (Calbiochem). Afterwards, the filtrate was centrifuged at 16,000 x g for 15 min at 4 . The supernatant was 15 used as a crude enzyme extract.
Chlorophyllase activity was determined by a modification of the method of Amir-Shapira et al. (1987) . The reaction mixture contained 0.3 ml enzyme solution, 0.2 ml Chl a (Tama Chemical) acetone solution (500 g ml-1) and 0.5 ml 100mM phosphate buffer (pH 7.0). The mixture was incubated in a water 20 bath at 25 for 1 hour, and the enzyme reaction was stopped by the addition of 4 ml acetone. The remaining Chl a was extracted with 4 ml hexane and assayed by reading the absorbance by Chl a at 663 nm.
Chl-degrading peroxidase was determined as described by Yamauchi et al. (1997) . The reaction mixture contained 0,1 ml enzyme solution, 0.1 ml 1% Triton 25 6 X-100, 0.2 ml Chl a acetone solution (500 g ml-1), 0.1 ml 5 mM naringin, a flavonoid of the enzyme substrate included in the Nagato-yuzukichi fruit flavedo (Yamauchi and Eguchi, 2002) , 0.1 ml 0.3% hydrogen peroxide, 0.4 ml distilled water and 1.5 ml 100 mM phosphate-citrate buffer (pH 4.5). The activity was determined spectrophotometrically by measuring the decrease of 5 Chl a at 668 nm at 25 .
One unit of those enzymes was defined as a change of 1 g Chl a degradation per min. The enzyme protein content was assayed by the method of Bradford (1976) . min at 4 . The supernatant was passed through a PD-10 desalting column (GE Healthcare Bioscience) to remove low-molecular-weight substances. The elute was used as a flavedo extract. Five ml of a 100 mM phosphate buffer (pH 7.0) containing 2% SLE was added to the flavedo extract (2.5 ml) , the flavedo tissue segments (2.5 g, 5 x 5 mm) or 2.5 ml of a lipase solution (Sigma-Aldrich, 150 20 Units ml -1 ) and the mixture was incubated at 25 . After the incubation, 3 ml of a hexane solution was added to the reaction mixture (2 ml) and stirred vigorously. The hexane layer and the aqueous layer which were separated into two phases, were used for lauric acid and sucrose analyses, respectively. 25 7 2.6. Lauric acid and sucrose assays
The hexane solution, which was dehydrated by the addition of anhydrous sodium sulfate, was concentrated with a rotary evaporator, and the dried residue was then dissolved with 0.25 ml of benzene. HCl-methanol (5%, v/v, 0.5 5 ml) was added to the aliquot in a vial and heated to methylate the lauric acid at 100 for 2 hours after the vial was sealed. Afterwards, both 1.5 ml of hexane and 4 ml of 2% KHCO3 were added to the aliquot and the mixture was kept at 5 for one day. The hexane layer or the KHCO3 layer was used for the analysis of lauric acid or sucrose. As shown in Table 1 , the level of the Hue angle (surface color) in the fruit 10 flavedo treated with SLE, SME, SPE and SSE decreased by 10%, 11%, 13% and 17% with degreening after 20 days of storage at 20 , respectively. The change in the Hue angle in the control fruit was similar to that in the fruit treated with SSE. The Chl a content in the fruit flavedo treated with SLE was also remained during storage higher than that with any other treatment. Thus, SLE 15 treatment was more effective to keep the green color of the flavedo than any other treatment.
Inhibitory effect of laurate on chlorophyll-degrading enzyme activities 20
In a previous paper (Yamauchi et al., 2003) , Chl degradation in Nagato-yuzukichi fruit treated with SLE at 50 for 3 min was more efficiently suppressed than that with SLE at ambient temperature for 3 min. This finding, together with the result obtained here, indicates that SLE, which is infiltrated into the flavedo tissue, might have an inhibitory action on Chl degradation. The 25 9 effect of SLE on Chl-degrading enzyme activities was determined, but the chlorophyllase and Chl-degrading peroxidase activities were hardly inhibited by the addition of SLE to the reaction mixture (data not shown). The effect of laurate on Chl-degrading enzyme activities was then measured.
As shown in Figure 1 shows the decomposition of SLE by the flavedo extract. SLE was 15 decomposed by the flavedo extract and both the lauric acid and sucrose levels increased gradually during incubation at 25 . The increase of the lauric acid level was parallel with that of the sucrose level. As shown in Fig. 2 , SLE was also degraded by flavedo tissue segments and the laurate level decreased gradually followed by a sharp increase in the lauric acid level. 
SLE decomposition by lipase
Lipase is known to be a kind of esterase and hydrolyzes a lipid to fatty acid and glycerol (Bier, 1955) . As shown in Fig. 3 , SLE was decomposed to laurate by 25 10 lipase and formed laurate, which was accumulated during incubation.
Suppression of degreening by laurate treatment
The effect of laurate on flavedo degreening in Nagato-yuzukichi fruit was 5 determined (Fig. 4) . As would be expected, laurate treatment suppressed, in particular, the degreening of the flavedo during storage at 20 ; furthermore, the laurate treatment at 50 for 3 min was more effective than that at ambient temperature. 
Discussion
Edible coating reagents containing sugar and/or fatty acid are used for quality maintenance of Citrus fruit (Murata, 1989; Baldwin, 1994; Perez-Gago et al., 2002) . Murata (1989) found that the sucrose fatty acid ester effectively 15 inhibited the occurrence of chilling injury and degreening in Kabosu (Citrus sphaerocarpa) fruit. Polysaccharide coating containing sucrose fatty acid ester maintained the quality of orange and lime fruits during storage (Baldwin, 1994) . antioxidants such as diphenylamine, n-propyl gallate and ascorbyl palmitate, also prevented the occurrence of superficial scald, which is well-known as a physiological disorder appearing during long-term storage at low temperature 25 11 (Bauchot et al., 1995) . Thus, edible coating reagents, such as sugar fatty acid esters, could be useful for maintaining freshness and controlling physiological disorders in fruit, such as degreening and chilling injury.
In Nagato-yuzukichi fruit, degreening of fruit flavedo during storage was reduced more effectively by treatment with SLE than by any other treatment 5 with a sucrose fatty acid ester. As reported in a previous paper (Yamauchi et al., 2003) , SLE treatment at 50 for 3 min suppressed the degreening more strongly than SLE treatment at ambient temperature, and the enhancement of Chl-degrading peroxidase activity was appreciably suppressed in the fruit treated with SLE at high temperature, particularly when compared with the 10 fruit treated with SLE at ambient temperature. In contrast to the change of Chl-degrading peroxidase, chlorophyllase activity in the control fruit decreased with degreening during storage at 20 , whereas that activity in SLE-treated fruit with or without high temperature showed a sharp decline. In this study, we observed that laurate reduced both the chlorophyllase and Chl-degrading 15 peroxidase activities and that inhibition on peroxidase activity was more apparent. Furthermore, we also found that laurate could inhibit the reaction of peroxidase-mediated Chl degradation through its role in uncompetitive inhibition (data not shown).
SLE was decomposed by the flavedo extract and the flavedo tissue segment 20 to form laurate and sucrose. We also demonstrated that lipase broke down SLE to form laurate as apparent in Fig. 3 . Both the flavedo extract and the flavedo tissue segment play a role in SLE hydrolysis, and lipase-like enzyme in the flavedo tissue, which plays a role in lipid hydrolysis, might participate in the decomposition of SLE to form laurate. In addition, the laurate treatment at 25 12 ambient temperature and at 50 for 3 min, especially the latter, suppressed degreening of the flavedo at 20 , which suggests that the laurate had infiltrated considerably more into the flavedo tissue at high temperature than it had during the treatment at ambient temperature.
In conclusion, we suggest that the enzyme included in the flavedo tissue, 5 which is an esterase, such as a lipase, related to lipid hydrolysis, could be involved in SLE degradation and that the formed laurate could partially inhibit
Chl degradation during storage. Moreover, the suppression of degreening by SLE could be due to the inhibition of degreening by laurate in addition to the coating effect of SLE. 
